This paper analyzes macroeconomic interdependence among 10 Asian economies. In this connection, we decompose their macroeconomic activities (real GDP) into common and country-specific components using the Bai-Ng method (2004). Our results suggest first that both components are nonstationary and have permanent effects on their overall economy. Second, we find the relative importance of common factors in all countries in terms of their contribution to variations in real GDP. But evidence is also obtained of country-specific effects becoming increasingly important in countries like China in recent years. Therefore, if, for example, China is expected to grow at a fast pace in future, our findings imply that creation of a regional monetary union of these 10 countries needs to be held back until the Chinese economy has become more dominant in the region.
Introduction
This paper focuses on regional economic interdependence. High interdependence is regarded as indicating that economies are highly integrated in the region, and this situation can be created by historical economic and political efforts. Economic and political cooperation has a long history in Asia. The Association of South-East Asian Nations (ASEAN), now consisting of 10 countries, 2 was established in 1967 to help achieve regional security, and socio-cultural and economic integration. Furthermore, the ASEAN Free Trade Area (FTA) agreement, which aimed to eliminate tariff and non-tariff barriers in the region, was signed in 1992 by six members (Brunei, Indonesia, Malaysia, Singapore, Thailand, and the Philippines) and later by the others. Such regional efforts seem to have paid off. Some Asian countries (e.g., Hong Kong (HK)) had achieved outstanding economic results for several decades and had been regarded as a world-class economic success story. However, history has shown that such success does not last forever. The 1997 Asian crisis which erupted in Thailand came as a surprise to many economists and policy-makers the world over. Its adverse effects spilled over to neighboring countries, and consequently many countries experienced a sharp economic downturn. Mitigating this contagious effect in Asian emerging markets called for further regional cooperation. As a result, a more comprehensive group of Asian countries, the ASEAN Plus Three Countries (China, Japan, and Korea), was formed in 1997 to discuss regional economic and financial stability issues. This dialog led to the establishment of the Chiang Mai Initiative, a short-term credit arrangement among these countries to remedy pressure from lack of foreign reserves.
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In order to examine economic interdependence, we shall decompose macroeconomic activities into common and country-specific factors, then investigate their importance, and analyze the transmission channel which will create international economic interdependence 2 The ASEAN members are Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Singapore, Thailand, the Philippines, and Vietnam. 3 See Bayoumi, Eichengree and Mauro (2000) and Chey (2009) for discussion of a possible Asian monetary union.
in the region. In order to do this we use the factor model proposed by Bai and Ng (2004) which does not require a priori assumptions about the stationarity of common and country-specific components. This is probably the first time for this approach to be used in this research field, and in this respect our research departs significantly from previous studies which focused largely on business cycles (i.e., economic growth) that are assumed to be stationary. Furthermore, when common factors are found to be nonstationary, we evaluate the long-run implications of economic trends in a cointegrated system. Our study also differs from most previous studies in its use of long(er) historical data including post-Asian crisis observations which enable us to conduct an analysis of common factor movements in recent years.
In short, we find evidence of more than one common factor and of both country-specific and common components being nonstationary, which, based on previous studies, implies that both components have made a permanent contribution to the overall economic activities in the past. Furthermore, while we confirm the sizable contribution of common factors in explaining GDP variations, the country-specific effect seems increasingly important in some countries like China since the Asian crisis. Finally, unlike some previous studies (see the next section) focusing on stationary business cycles, this paper reports a strong relationship between common factors and international trade, confirming trade as the transmission channel between countries.
Literature Review
Due to economic and political implications, a lot of research has been attempted in order to investigate economic integration, in particular, using data on business cycles across countries. For example, Selover (2004) studied interdependence between Korea and Japan, and found that Japanese business cycles have a moderate effect on Korean ones. Zhang, Sato and McAleer (2004) studied a group of 10 Asian countries plus the US, compared estimates from the European Economic Community (EEC), and concluded that underlying structural shocks are less symmetrical in Asia. Germany, a leading country in Europe,
shows a similar and significant correlation pattern of demand shocks with other core European countries. In contrast, Japan, a large economy in Asia, does not exhibit significant correlation with other Asian countries. Similarly, Moneta and Ruffer (2009) examined the output growth of 10 Asian countries from 1993 to 2005 using a dynamic common factor model, and reported a significant common factor shared by these countries except China and Japan. Their result for Japan is consistent with Rand and Tarp (2002) who find that the nature and characteristics of business cycles in developing countries differ from those in developed countries.
However, unlike the abovementioned studies which found that China (mainland) and Japan are not synchronized with the rest of Asia, Sato and Zhang (2006) documented that Japan is one of the most integrated countries in the region using the cointegration method. Out of 55 possible pairs of Asian countries, 10 pairs are found to be cointegrated with a positive cointegrating vector. Three pairs out of 10 are related with Japanese GDP (in levels), and interestingly China is strongly correlated only with HK. This somewhat different result may be attributable to the different focus of their research: whether data are in level or difference (i.e., business cycles).
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Research was also conducted to try to identify the transmission channel of business cycles, and has frequently focused on international trade. (2008) reported evidence of convergence in business cycles within industrial countries and within emerging markets, but not between industrial and emerging markets. Furthermore, they found the relative importance of country-specific factors in the post-1985 period by means of the variance decomposition method. In contrast, by decomposing business cycles into common and country-specific components using a Bayesian dynamic latent factor model, Kose, Otrok, and Whiteman (2008) confirmed the increasing importance of common factors in explaining variations in output, consumption and investment in the more recent period (1986:3-2003:4) compared with the Bretton Woods period (1960:1-1972:2) .
For example, this confluence of business cycles seems to be driven by a strong trade (especially export) channel (Selover 1999, Moneta and Ruffer 2009) (2004) underscored specialization patterns which directly reflect differences in GDP per capita using data from 24 (relatively prosperous) countries.
In addition to these studies based on macroeconomic data, there is lots of research on economic integration using the micro (firm)-level data (e.g., Ando 2006). They tend to
show the high level of economic integration in East Asia from both the import and export sides. However, partly due to data availability, the research has been based almost exclusively on the tradable goods sector like the manufacturing industry. As a consequence, the non-tradable goods sector has not been covered in previous studies. Since our research utilizes macroeconomic data, the non-tradable goods sector is also taken into account.
Statistical Methods
In order to extract country-specific and common elements from the GDP, we use the statistical method (Bai and Ng 2004) e is nonstationary, the estimates of i λ and it e are no longer consistent, and therefore they proposed a differencing equation (1): where
While our focus is more on common factors, we are also interested in country-specific components. Testing individually the stationarity of the country-specific component for country i is identical to the standard Augmented Dickey-Fuller (ADF) test based on equation (2).
where estimates are denoted by ∧ . Based on this test for individual countries, we can calculate the statistic for evaluating the stationarity of a group of country-specific
This statistic is shown to be asymptotically normally distributed, and its large positive value becomes evidence against the null of no cointegration.
With respect to common factors, testing their stationarity is identical to the standard ADF in the presence of a single common factor. If we assume that changes in common factors contain the constant, the test is based on the following equation.
In this case, the statistic is referred to as f ADF , and the critical value equals -2.86 at the five percent significance level. In the presence of multiple common factors, one can use the multivariate cointegration method to check if there is a long-run relationship between the common factors. In this paper, we use the Johansen test which is probably the most popular multivariate cointegration method.
Data
We consider 10 Asian economies: China (mainland), Hong Kong (HK), Indonesia, Japan, Malaysia, Singapore, South Korea, Taiwan, Thailand, and the Philippines, five of which are ASEAN members. In addition, the US is included in our data set since it is an important trading partner of all these countries. Long historical data on the GDP for most Asian countries are not readily available, and therefore, we obtained quarterly real GDP data from Tilak Abeysinghe's homepage (http://www.fas.nus.edu.sg/ecs/esu/data.html) in order to evaluate common factor movements. We utilize all countries listed there and create a balanced panel data set spanning from 1975Q1 to 2007Q1 (base year = 1995).
These data are plotted in Figures 1 and 2 , and their basic statistics are summarized in Table   1 . Real GDP in Figure 1 shows that there is a significant economic slowdown in 1997 at the time of the Asian crisis but there are signs of a prompt economic recovery. A similar trend in real GDP growth can be observed in Figure 2 . Table 1 summarizes the basic statistics of real GDP (both in levels and differences). According to this table, the Chinese economy (GDP in levels) is very volatile as her standard deviation is far higher than others, and by contrast Japan, the Philippines and US experienced very low volatility.
In addition, the correlation matrix is presented in Table 2 . It shows that most pairs are positively correlated with each other regardless of the data being the level or growth of GDP. However, unlike other countries, the Chinese GDP growth is negatively correlated with other countries including Japan, Malaysia, South Korea, Taiwan, Thailand and the Philippines. This indicates that, as previous studies have suggested, the Chinese economy may be less integrated with the rest of Asia. We also note that all Asian countries except the Philippines are positively correlated (but insignificantly) with the US GDP growth.
With respect to trade data, three sources are used. Quarterly total import and export data are obtained from the IMF's International Finance Statistics (IFS). Their real values are calculated using the consumer price index (CPI) from the IFS. In addition, quarterly bilateral export and import data are obtained from the Direction of Trade (DOT) data set also from the IMF. But coverage is limited to China, HK, Indonesia, Japan, Malaysia, Singapore, South Korea, Thailand, and the Philippines, and thus in order to supplement them total import and export data for Taiwan are downloaded from the homepage of the Central Bank of the Republic of China (Taiwan).
Empirical Results

PANIC estimates
The results of decomposition of real GDP to common and country-specific factors are summarized in Table 3 . Different groupings of countries are considered in order to check the robustness of our findings. Our benchmark model consists of 10 Asian countries
). The group of 9 ( 9 = N ) drops China from our benchmark, and that of 11 We also check the stationarity of these factors ( ′ λ i t F and it e ), and the results are reported in Table 3 . Our statistic ( e P ) in equation (4) shows that a group of country-specific factors is nonstationary, and similarly each common factor is found to be nonstationary. Since multiple common factors are found in our data, it is of interest to examine the stationarity of the group of common factors. We test this by means of the Johansen multivariate cointegration test using different compositions of common factors (i.e., 3 2, r = ) and report evidence of non-cointegration in Table 4 . The nonstationarity of both factors suggests that country-specific and common shocks are both permanent, and that both elements are important in determining their long-run economic performance. Therefore, this suggests that the nonstationarity of real GDP reported in previous studies (e.g., Sato and Zhang
2006
) is attributable to the nonstationarity of both factors. 
The Relative Importance of Common and Country-Specific Factors
6 It follows that country-specific and common factors are not cointegrated.
The relative importance of common factors is examined by calculating three ratios: 1) the ratio of the standard deviation of common factors to that of GDP, 2) the ratio of the standard deviation of country-specific factors to that of GDP, and 3) the ratio of country-specific factors to that of common factors. Where common factors are relatively important, the first ratio should approach one, and the second and the third ratios should be close to zero. On the other hand, if country-specific factors are dominant, the second ratio should approach one. While it is certainly a simplistic method, it helps us understand their relative importance. The subsequent analysis is based on three common factors ( 3 = r )
which two out of three information criteria suggest. Singapore and South Korea. Their first ratio is close to one, and the second and third ratios measuring the contribution of country-specific effects are nominal. The first ratio of HK and the Philippines is also close to one, but their second and third ratios are relatively larger than that of Singapore and South Korea. Indeed, the importance of the common factor is confirmed by the variance ratio test. Although there remain significant differences between and X , the variance ratio test for ( X , F λ ) suggests that, except China whose first ratio is around 0.8, the variation of the common factor is statistically and consistently identical to that of the total GDP. This result seems to be generally robust to the composition of countries under investigation.
Given that these economies experienced a transition phase en route to industrialization, we also check if the relative importance of the factors has changed over time. Table 6 shows the p -values of the variance ratio tests for these ratios in two sub-sample periods when 3 = r . The breaking point of 1997Q2 is consistent with the economic disaster in Thailand, 8 The results with = r 1 and 2 are not reported here due to space constraints. But the results with a the first country hit by the Asian crisis. Generally, we can observe a similar pattern in these ratios to those from the full sample. However, there is evidence that country-specific effects become increasingly significant in the post-1997 period, particularly, in China and the Philippines. The null of the variance test for ( e , F λ ) cannot be rejected for these two countries in the pre-1997 period, but it can be rejected in the post-1997 period. The rapid economic growth in China in recent years and the lesser effects of the 1997 crisis on the Philippines (Figure 2 ) may be attributable to this result.
The Transmission Channel
While many other transmission channels can be considered (see Section 2), this sub-section focuses on international trade as a transmission channel of economic activities due to data availability, and looks at whether there is a positive and cointegrated relationship between common factors ( Here we use two types of trade data. One is the real value of total import and export data, and the other is trade concentration measures which are also created separately for imports and exports.
9 different size of r will not alter our general conclusion. Generally, when total trade data is employed, a positive and significant relationship is obtained for both imports and exports, and there is cointegration between the trade value and common factors. However, when the trade concentration is considered, evidence to support their relationship with common factors (in levels) becomes very weak; there is no evidence of cointegration between them using the panel cointegration method (Kao 1999). There is a possibility that structural breaks may destroy the relationship, but our result is also confirmed by the 11 Previous studies (e.g., Wu, Chen and Lee 2001) often showed that export and import data are nonstationary.
12
See Kao and Chiang (2000) . Westerlund test (2006) which takes account of multiple and unknown structural breaks in the panel data (see Appendix).
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These import and export elasticities seem stable over time. Figure 5 shows that estimates of imports and exports using the Asian related trade data by extending one observation by one observation from 1997Q2 to 2007Q1. The sensitivity of trades sharply dropped right after the eruption of the Asian crisis with the exception of the estimate of imports in 1997, and has become very stable since then. In addition, we can observe that the estimate of exports is always higher than that of imports, confirming the relative importance of exports in explaining the common factors.
Therefore, we conclude that trade is one important transmission channel for international economic interdependence, and the result implies that our common factors are also influenced by economic developments elsewhere such as the US and Europe. Furthermore, China which exhibits high trade concentration with other Asian countries (Tables 7) shows a low correlation with common factors (Tables 5 and 6 ). This implies the significance of her domestic market, and therefore although China trades a lot with other Asian countries, one may conclude that international trade is less important for her compared with other Asian economies.
In general, our results strongly support the role of international trade, and in particular, both imports and exports are found to be a driving force of common factor movements. This point was controversial in previous studies using business cycle data, but a statistically more sensible approach seems to yield our rather clear-cut result. Use of common factors which presumably contain more international elements than whole economic activities (i.e., business cycles) and consideration of their time-series properties appear to contribute to the stronger evidence in favor of this relationship.
Summary and Discussion
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In order to check this weak relationship between the concentration ratio and common factors, we also employ the growth (rather than the level) of the common factors. The results are not shown in the paper due to limited space, but the parameter sign remains generally unchanged although the linear relationship with the growth of the common factors is now found to be stationary.
We studied economic dependence in macroeconomic activity among East Asian countries.
Monitoring their level of regional integration is important not only when considering further economic and financial integration but also when forming economic policy to stabilize their own economies. When a country is largely dependent on other members, a shock in one member country will directly and possibly quickly influence other countries.
Our results are as follows. Using real GDP data and decomposing macroeconomic activities Unlike the condition for international trade, monetary union requires homogeneous economic environments. Therefore, if for example China is expected to grow at a fast pace in future, our findings imply that creation of a regional monetary union of these 10 countries needs to be delayed until the Chinese economy has become more dominant in the region.
Finally, while our analysis is statistically solid, there are many issues that one could investigate in the future. For example, we focused on international trade as a transmission channel of common factors. However, there are many other channels through which stocks are transmitted across countries (See Section 2). This can be carried out when more data are disseminated for these countries. We believe that the understanding and identification of the exact nature of transmission mechanisms will help propose a more concrete approach for further economic integration.
Appendix
The Westerlund LM test (2006) is for detecting cointegration with multiple and unknown structural breaks in the panel data based on the LM method. The notable features of this method include its ability to detect unknown multiple structural breaks which are considered under both the null and alternative hypotheses, and multiple structural breaks are allowed in the deterministic component. More precisely, his model evaluates the null hypothesis of cointegration: 0 :
against the alternative of no cointegration: 0 :
, using the following specification. , and break points for each equation are determined by minimizing the sum of squared residuals. This is estimated for each regime and since all combinations of j and i T are considered, it is called a global minimizer. Given the value of for each j , the optimal number of structural breaks is determined using the Schwarz Bayesian information criterion. Given the information about the size and location of the breaks, we can construct the LM test statistics. (2004) and Bai and Ng (2002) respectively. The statistic ( e P ) for evaluating the stationarity of country-specific factors is normally distributed and thus its 5% critical value is 1.64. When there is only one common factor, the factor unit root test ( f ADF ) has a 5% critical value of -2.86 (the constant only). A maximum of 4 common factors are considered when deciding the true number of common factors in the information criteria. 10 = N refers to all 10 Asian countries, and 9 = N to 9 when China is not included. 11 = N is the panel of 10 Asian countries and the US. Kao (1999) which examines the null of no cointegration, and the lag length of four is determined by the Akaike Information Criterion. The panel cointegration test with structural breaks is based on Westerlund (2006) which examines the null of cointegration with breaks, and breaks are considered in the constant and time trend. The maximum number of breaks is three. Figures in parentheses are p -values. Due to data availability, the analysis using total trade data is based on 10 Asian countries, while that for trade concentration is based on 9 countries (i.e., excluding Taiwan). The sample period is 1981Q1 to 2007Q1. Note: The imports and exports represent the total amount of trade to and from Asian countries.
